Abstract. The influence of the photoinjector exit hall on the energy loss for an accelerated electron beam is investigated, by calculating the total energy transferred from the electrons to the wakefields, which are driven by the beam. The obtained energy loss is compared to those previously obtained for a 'pill-box' cavity [9] . This comparison shows that the influence of this hall, in terms of energy loss, varies over the beam length. It is strongest in the middle of the beam and decreases towards both ends. In consequence of this perturbation, the center of the beam is displaced from its initial position during the first phase (t < 200 ps) where the exit aperture has no effect to a new equilibrium position which takes place at 200 < t < 250 ps. 
Introduction
Energy loss of an electron beam arising from the interaction of the beam with the wakefields of the accelerator structure, which generally results in diminished performance of the free electron laser [1] [2] [3] . The knowledge of these fields is necessary for the prediction of the energy lost by the beam and for analysis of the instability phenomena. Wakefields are usually considered for ultrarelativistic coasting beam [4] [5] [6] [7] . The self-or space charge field is negligible so that the only forces acting on the beam particle are the wakefield and a possible focusing forces. At the end, the beam is assumed to be coming from −∞ and going to +∞. In contrast to a situation like photoinjector, the beam is chiefly characterized by a fast transition, due to strong acceleration, from the nonrelativistic to the relativistic regime, therefore, the self field could not be ignored [8] .
In a recent paper [9] , we present a valuable analytical description of the energy loss of the accelerated beam, by using a modal analysis technique [10, 11] , that takes the effect of the acceleration into account. We limited our modeling to a "pill-box" type cavity as was justified in [8] under the assumption that the perturbation of the energy loss by the exit hole is neglected as long as r0 R ≺≺ 1 3 [12, 13] , where r 0 and R are the hole and cavity radii, respectively (Fig. 1) . However, this often-quoted result is based on a single experimental result worked out on an ultrarelativistic coasting beam crossing a set of bored "pill-box" cavities. Its validity for the accelerated beam was broken easily as was shown, previously, by [14] . a e-mail: wael salahh@Hotmail.com In an effort to investigate the influence of the photoinjector exit aperture on the energy loss for an accelerated beam, whatever the hole radius may be, we devote this paper.
Dynamics of electron beam
We consider a cylindrical bunch with a radius a, length τ , and total charge Q and assume that the electrons displaced parallel to the axis of symmetry. The beam density remains constant during the photo emission [15] and the amplitude E 0 of the accelerating field of the RF-cavity 54 The European Physical Journal Applied Physics which works at 144 MHz may be considered as constant for beam pulse length τ of order of 100 ps [15] . As an approximation, the change of pulse shape dealing with space-charge, and wakefield forces will be ignored. Under these conditions, the velocity β(z, t) is shown to be parallel to E 0 and independent of time [8] :
with
and
Here, e and m are the charge and the mass of the electron respectively; z(t) is the longitudinal coordinate of electron at time t; t z is the time at which the element of the beam at location z leaves the photocathode, and c being the velocity of light.
Energy loss
Now the energy loss by the electron beam is obtained by calculating the total energy transferred from the electrons to the wakefields, which superposes with the cavity accelerating field E 0 . The energy loss is given by:
where ε 0 and µ 0 are the permittivity and permeability of free space, respectively, dV is the beam volume element in cylindrical coordinates. E z , E r and B θ are the non-vanishing components in cylindrical coordinates of the beam-generated, time-dependant electric and magnetic wake fields, in the direction of z, r, and θ, respectively. These components are obtained from the rebuilt scalar and vector potentials, Φ and A, respectively, with the boundary conditions:
which take the hole effect into account, as shown earlier by [14] . They had quantitatively specified the expected deep influence of the exit aperture on the wake field.
As an approximation, the nondissipative interaction fields (forces) are excluded from equation (4) .
To complete this paper, we recall the results previously obtained by [14] . However: 
where I is the total current carried by the beam, J 0 and J 1 are the Bessel's functions of order zero and 1, respectively, j n is the nth zero of J 0 , i = √ −1, and C A n (h) is an arbitrary dimensionless function, which is affected by the aperture parameter. However, this dimensionless function is successfully calculated by [14] .
Numerical simulation results
For our present numerical applications, we adopt the photo injector of the "ELSA" facility with the following parameter set: I = 100 Am, πa 2 = 1 cm 2 , E 0 = 30 MV/m, r 0 = 2 cm, g = 6 cm (g is the length of the "ELSA" photo injector) and τ = 30 and 100 ps.
Before trying to calculate the energy loss by the beam, two phases are to be distinguished. The first, t < g/c (where t = 0 corresponds to the beginning of the photoemission). For g = 0.06 cm, this phase corresponds to t < 200 ps. The beam-generated electromagnetic field has not yet reached the exit wall (anode), so the energy loss spectra described in this paper must be identical to those previously obtained for a 'pill-box' cavity [9] . The secondly, g/c < t < t g (where t g is the time at which the beam head reaches the photo injector exit) the beam-generated electromagnetic field has reached the exit wall, but the beam head is still above the exit aperture. For E 0 = 30 MV/m, this phase corresponds to: 200 < t < 250 ps.
The energy loss on the beam surface is shown in Figure 2, such as given by the open-or 'pill-box' cavity modeling, at t = t g . This emphasizes the strong influence of the exit aperture on the energy loss for the electrons situated in the center of the beam while this perturbation is slight for the electrons situated in the beam's head and tail, respectively. This difference is principally caused by the cavity higher mode contribution, which is underevaluated in the 'pill-box' cavity model [9] . 
Conclusion
The perturbation of the energy loss for an accelerated electron beam by the photoinjector exit hall is investigated, theoretically, by using the map (E, B)(X, t) of the beam-generated, time-dependant electromagnetic field which takes this hall effect into account [14] .
The obtained energy loss are compared to those previously obtained for a 'pill-box' cavity [9] . Numerical illustration of results obtained from both approaches show that the influence of this hall, in terms of energy loss on the beam surface, is strong concerning the electrons situated in the center of the beam and not as strong to those situated in the beam's head and tail, respectively. As a consequence of this perturbation, the center of the beam is displaced from its initial position during the first phase (t < 200 ps) where the exit aperture has no effect to a new equilibrium position which take place at 200 < t < 250 ps where this aperture has an strong effect. This displacement may distort the beam quality and results in reduced FEL performance [1] . To limit the latter, it is necessary to focus the beam by a magnetic lens located at the exit of the photoinjector.
